The addition of fi ne-needle aspiration (FNA) to different imaging modalities has raised the accuracy for diagnosis of cystic pancreatic lesions. We aim to differentiate benign from neoplastic pancreatic cysts by evaluating cyst fl uid carcinoembryonic antigen (CEA), carbohydrate antigen (CA19-9), and amylase levels and cytopathological examination, including mucin stain. Patients and Methods: This prospective study included 77 patients with pancreatic cystic lesions. Ultrasound-FNA (US-FNA) or endoscopic ultrasound-FNA (EUS-FNA) was done according to the accessibility of the lesion. The aspirated specimens were subjected to cytopathological examination (including mucin staining), tumor markers (CEA, CA19-9), and amylase level. Results: Cyst CEA value of 279 or more showed high statistical signifi cance in differentiating mucinous from nonmucinous lesions with sensitivity, specifi city, positive predictive value (PPV), negative predictive value (NPV), and accuracy of 73%, 60%, 50%, 80%, and 65%, respectively. Cyst amylase could differentiate between neoplastic and nonneoplastic cysts at a level of 1043 with sensitivity of 58%, specifi city of 75%, PPV of 73%, NPV of 60%, and accuracy of 66%. CA19-9 could not differentiate between neoplastic and nonneoplastic cysts. Mucin examination showed a sensitivity of 85%, specifi city of 95%, PPV of 92%, NPV of 91%, and accuracy of 91% in differentiating mucinous from non-mucinous lesions. Cytopathological examination showed a sensitivity of 81%, specifi city of 94%, PPV of 94%, NPV of 83%, and accuracy of 88%. Conclusion: US or EUS-FNA with analysis of cyst CEA level, CA19-9, amylase, mucin stain, and cytopathological examination increases the diagnostic accuracy of cystic pancreatic lesions.
INTRODUCTION
Pancreatic cystic lesions range from benign abnormalities needing minimal followup to premalignant or malignant lesions requiring careful monitoring or resection. These lesions present a diagnostic challenge. [1] Endoscopic ultrasound (EUS) is now used to investigate cystic pancreatic lesions, particularly as a mean of EUS-guided cyst aspiration. [2, 3] Several EUS features of pancreatic cysts have been associated with an increased risk of malignancy, including thick wall, septations, presence of intramural nodules, and masses. [4] However, recent studies indicated that pancreatic cyst appearance during EUS is not enough as an independent predictor of malignancy. [5, 6] Cyst fl uid amylase, tumor markers such as carcinoembryonic antigen (CEA) and carbohydrate antigen (CA19-9) and cytopathological examination, including mucin stain have the potential to improve signifi cantly the diagnosis of pancreatic lesions. [1] The objective of this study was to evaluate and validate cyst fluid CEA, CA19-9, mucin, amylase, and cytological examination in the diagnosis of pancreatic cystic lesions.
PATIENTS AND METHODS
This prospective study included 77 patients presented with pancreatic cystic lesions based on abdominal computed tomography (CT), EUS, or abdominal ultrasound. According to accessibility and feasibility, fi ne-needle aspiration (FNA) was done using abdominal ultrasound or EUS. It was carried over 2 years after approval of the ethical committee. Written consents were obtained from the patients. 
Inclusion criteria

Ultrasound examination
Ultrasound was done using Hitachi machine EUB-7000. FNA was done using Chiba needles (16-22G) under complete guidance technique with biopsy attachment.
Endoscopic ultrasound examination
Endoscopic ultrasound examination was done using a Pentax machine, EG3830UT (HOYA Corporation, PENTAX Lifecare Division, Showanomori Technology Center, Tokyo, Japan) attached to Hitachi machine EUB-7000. FNA was done using 22 or 19G Echotip needless (Cook, Endoscopy, Winston-Salem, NC), no on-site cytopathological examination was available.
Deep sedation with intravenous Propofol was used in all patients even in cases of US-FNA. All patients were given 1 g Ceftriaxone within 6 h before the FNA.
The aim was to evacuate the cysts completely with a single-needle pass. Samples were spread over dry slides and also preserved in formalin and sent for cytopathological examination and mucin stain (by PAS diastase). It was also examined for CEA, CA19-9, and amylase levels.
All EUS and US were done by a single gastroenterologist. The cytopathologist was blinded to the US and EUS fi ndings.
Eight patients suffered from tolerable epigastric pains for <1 day, and one patient suffered from acute pancreatitis required ICU admission for 2 days with complete relief thereafter. No serious complications as severe pancreatitis or bleeding, and no mortality were recorded.
Final diagnosis was based on the presence of one of the following T-test was used, signifi cance was taken at the level of 5%. The sensitivity, specifi city, positive predictive value (PPV), negative predictive value (NPV), and accuracy were all calculated manually based on published methodology.
RESULTS
Patients' demographics
Seventy-seven patients satisfi ed the inclusion criteria of the study (29 females, 48 males, mean age for females was 48 ± 8 years and the mean age for males was 52 ± 4 years). After the initial EUS-FNA or US-FNA, surgical removal of the pancreatic cysts was the way of diagnosis in 11 patients, 14 cases were diagnosed by followup and the remaining 52 patients were diagnosed by cytopathology. US-FNA was done for 53 patients while EUS-FNA was done to the remaining 24 patients.
Based on the final diagnosis, cysts were classified as nonneoplastic and neoplastic [ Table 1 ].
Eleven out of 28 (39.3%) mucinous cystic neoplasms had mural nodules on ultrasonographic or EUS examination [ Figures 1 and 2 ], 9 of them proved to be mucinous cystadenocarcinoma representing 81.8% of all cases of mucinous adenocarcinoma (9 out of 11) and 2 of them proved to be IPMN representing 28.6% of all cases of IPMN (3 out of 7). All cases were confi rmed by triphasic spiral or multislice CT scan. Soft tissue debris, turbid fl uid, and/or irregular wall were found in infl ammatory cysts, but no mural nodules were found in such lesions [ Figure 4 ].
CEA was done in 62 out of 77 patients (80.5%), the remaining 15 did not have enough aspirate fluid for analysis. With a cutoff value of 105 ng/mL, there is a high statistical signifi cant difference of CEA between mucinous (23 cases) and non-mucinous (32 cases) cysts, and it had a sensitivity of 80%, specificity of 77%, PPV of 67%, NPV of 87%, and accuracy of 78% for mucinous lesions. The test was true positive in 16 patients and true negative in 24 patients, 16 cases were false positive and 6 cases were false negative with sensitivity, specifi city, PPV, NPV, and accuracy of 73%, 60%, 50%, 80%, and 65%, respectively as shown in Table 2 .
Cyst amylase was done in 44 patients and could differentiate between mucinous and non-mucinous lesions at the level of 24150 or above and between neoplastic and nonneoplastic cysts at a level of 1043 or above with the following sensitivity, specificity, PPV, NPV, and accuracy in Table 3 . The amylase level showed statistical signifi cant difference between neoplastic and benign lesions being higher in benign cysts with P < 0.001. All cases with inflammatory pseudocysts had cyst fluid amylase level above 250 ng/mL, so, levels below that cut-off value virtually exclude the diagnosis of infl ammatory pseudocysts.
Cyst CA19-9 was not valuable in differentiating neoplastic from nonneoplastic lesions but at a level of 447 or above showed sensitivity of 77%, specifi city of 61%, PPV of 43%, NPV of 87%, and accuracy of 65%. Table 4 shows the results of the analysis.
The sensitivity, specifi city, PPV, NPV, and accuracy of positive mucin stain in differentiating mucinous from nonmucinous lesions and neoplastic from nonneoplastic ones are shown in Table 5 .
Cytopathological examination showed sensitivity of 81%, specifi city of 94%, PPV of 94%, NPV of 83%, and accuracy of 88% as shown in Table 6 .
DISCUSSION
The recent advancement of the imaging modalities such as multi-detector CT scan and high speed MRI leads to many challenging questions; for example, is EUS still necessary if multi-detectors CT can provide suffi cient diagnostic information for a large cystic tumor with septations? Should surgery always be guided by EUS with cystic fl uid analysis? [7] For this, a variety of studies has been done to assess the role of EUS in discriminating benign pancreatic cysts from malignant or potentially malignant cystic lesions. Cysts in the 'suspicious of malignancy' category demonstrate features such as mural nodules, solid components, lymph node enlargement, dilated pancreatic duct, and elevated serum tumor markers and should in most instances undergo resection. Cysts with these suspicious features of malignancy had a more than 80% chance of harboring a malignant or potentially malignant lesion. [8] In our study, 11 out of 28 (39.3%) of all mucinous cystic neoplasms, 81.8% of all cases of mucinous adenocarcinoma, and 28.6% of all cases of IPMN had mural nodules on US or EUS examination. None of the infl ammatory or simple cysts had mural nodules. However, a study done by Brugge said that unless a solid mass or invasive tumor was seen, morphological features did not appear to be specific enough to differentiate between malignant and potentially malignant cysts. [9] The clinical challenge in the management of pancreatic cysts is to identify those patients who should undergo pancreatic resection for early non-metastatic cancer and high-risk precancerous cystic lesions while appropriately observing those patients with limited or no potential for malignant transformation.
Cyst fluid analysis has been used for this purpose including CEA, CA19-9, amylase, mucin, and cytopathological examination to diagnose type of the pancreatic cyst and the consequent management. Previous work by Brugge et al. [2] evaluated various cyst fl uid markers in 112 patients and identifi ed CEA as having the highest clinical utility in discriminating mucinous from nonmucinous cystic lesions. They reported that a level >192 ng/mL had a sensitivity, specifi city, and diagnostic accuracy of 73%, 84%, and 79%, respectively, for mucinous cystic lesions. When we investigated CEA level at 279 ng/mL or above it showed sensitivity, specifi city, PPV, NPV, and accuracy of 73%, 60%, 50%, 80%, and 65%, respectively. Similarly, a cut off value of 24150 of cyst amylase could differentiate between mucinous and non-mucinous lesions with sensitivity, specificity, PPV, NPV, and accuracy of 21%, 60%, 20%, 62%, and 48%, respectively, and between neoplastic and nonneoplastic cysts at a level of 1043 with sensitivity of 58%, specifi city of 75%, PPV of 73%, NPV of 60%, and accuracy of 66%.
A study was done to assess the role of mucin staining in relation to pancreatic cystic lesions and found that the presence of mucin had a PPV of 83%. [10] This was similar to our study that showed that mucin staining in pancreatic cysts had a PPV of 96% for differentiating neoplastic from nonneoplastic and PPV of 92% in differentiating mucinous from non-mucinous lesions.
CONCLUSION
This study finds that current cyst fluid analysis including tumor markers such as CEA, CA19-9, mucin, amylase and cytopathological examination can increase the diagnostic yield and support the management of pancreatic cystic lesions. This may be particularly helpful in cases when the nature of the cyst remains indeterminate despite clinical and imaging data. The shortcomings of these biomarkers to better predict which cysts harbor malignancy or will become malignant argue for the need for new biomarkers. Studies using DNA analysis seem to be promising but require further studies.
